Objectives: Perceived control may promote social activity in older adults because individuals with greater perceived control have greater confidence in their ability to achieve outcomes and are more likely to choose difficult activities, show persistence, and employ strategies to overcome challenges. Cross-sectional research has linked perceived control with social activity in life span and older adult samples but provides little insight into the direction of influence. We examined reciprocal associations between perceived control and social activity in order to establish temporal sequencing, which is one prerequisite for determining potential causation. Method: Participants were 14,126 midlife and older adults from the German Ageing Survey. Using cross-lagged autoregressive modeling with age as the time metric (40-87 years), we examined reciprocal 3-year lagged associations between perceived control and social activity, while controlling for concurrent associations. Results: Perceived control significantly predicted social activity 3 years later. Reciprocally, social activity significantly predicted perceived control 3 years later. The influence of perceived control on social activity was greater than the influence of social activity on perceived control. Discussion: The finding that perceived control significantly predicts future social activity has potential implications for developing interventions aimed at promoting social activity in midlife and older adults.
Older adults and researchers alike consider social engagement to be an important aspect of active and successful aging (e.g., Bowling, 2008; Rowe & Kahn, 1997) . This is not surprising, because higher social activity has been shown to be associated with greater psychological wellbeing, including happiness, life satisfaction, and positive affect in older adults (Huxhold, Miche, & Schüz, 2014; Menec, 2003) . Participation in social activity also appears to be a key factor in maintaining cognitive and physical well-being. For example, greater social activity has been found to be associated with reduced rates of normative and pathological cognitive decline (Bosma et al., 2002; Wang, Karp, Winblad, & Fratiglioni, 2002) , motor decline (Buchman et al., 2009) , disability (James, Boyle, Buchman, & Bennett, 2011) , and mortality (Infurna, Gerstorf, Ram, Schupp, & Wagner, 2011) . Although it seems important that individuals maintain their social activity as much as possible as they age, social activity tends to decline with age, particularly in the oldest-old (e.g., Bukov, Maas, & Lampert, 2002) . This could occur due to, for example, poor health (e.g., Bukov et al., 2002) , sensory loss (Viljanen, Törmäkangas, Vestergaard, & Andersen-Ranberg, 2014) , fear of falling (van der Meulen, Zijlstra, Ambergen, & Kempen, 2014) , driving cessation (Marottoli et al., 2000) , or loss of social network members (Huxhold, Fiori, & Windsor, 2013) . Identification of factors that are positively associated with social activity is an important first step in developing interventions to promote social activity in older adults.
Perceived control is a potentially modifiable psychological resource that could play an important role in helping older adults participate in social activity. Perceived control refers broadly to one's beliefs about their ability to realize desired outcomes and is reflected in various constructs including personal control, mastery, and self-efficacy (Lachman, Neupert, & Agrigoroaei, 2011) . Social cognitive theory and the theory of planned behavior suggest that individuals choose behaviors that they perceive to be within their capability (Ajzen, 1991; Bandura, 1977 Bandura, , 1997 . Individuals with higher perceived control tend to evaluate their goals as challenges rather than threats and experience more positive emotional states during goal-related activity (Snyder et al., 1991) . They may therefore choose to participate in a greater range of social activities, including challenging or unfamiliar activities. In addition, perceived control influences how much effort individuals expend and how they persist and use adaptive strategies to overcome challenges (Ajzen, 1991; Bandura, 1997; Lachman, 2006; Snyder et al., 1991) , and may therefore be a key resource for adjusting to age-related changes such as functional decline that could impact social activity. According to the theory of selective optimization with compensation (SOC), successful coping and adaptation involves selecting and prioritizing goals, optimizing means or resources using strategies such as increasing time or effort, and compensating using alternative strategies to achieve goals when previous means become limited (P. B. Baltes & Baltes, 1990) . Among older adults experiencing memory decline, having higher perceived control is associated with greater use of SOC strategies, which in turn predict fewer everyday memory problems (Hahn & Lachman, 2015) . Similarly, individuals with higher perceived control may engage in more effective optimization and compensation by increasing their effort or finding alternative ways to enable social activity participation when faced with challenges such as increasing functional limitations, driving cessation, or social losses.
Supporting these arguments, cross-sectional research has shown that general and domain-specific perceived control are positively related to social activity (M. M. Baltes, Wahl, & Schmid-Furstoss, 1990; Jopp & Hertzog, 2007; Perkins, Multhaup, Perkins, & Barton, 2008) ; however, conclusive empirical evidence that perceived control influences social activity participation is lacking, with cross-sectional studies providing little insight into the direction of influence. Indeed, the observed associations may exist because performance experiences and goal attainments, which could include goal-directed social interactions or participating in new social activities, are significant predictors of perceived control (Bandura, 1977; Lachman 2006) . In addition, fulfilling social roles can increase feelings of control over one's life (Thoits, 2011) , whereas loss of social opportunities arising from, for example, death of social network members or retirement, can reduce perceived control (Rodin, 1986) . Longitudinal research examining both directions of effects (i.e., perceived control influencing social activity and vice versa) is therefore needed in order to evaluate whether perceived control may have an independent influence on social activity. A recent study using data from the Australian Longitudinal Study of Ageing showed that having greater baseline functional limitation was associated with greater 18-year decline in social activity for older adults with lower baseline perceived control, but not for those with higher perceived control (Curtis, Windsor, & Luszcz, 2015) . Similarly, Infurna and colleagues (2011) found that, among participants aged 16-97 years at baseline, having greater baseline social activity and more favorable 11-year change in social activity was associated with higher perceived control at 11 years. However, neither study examined the effect of perceived control on subsequent social activity.
The Present Study
The aim of this study was to use longitudinal data to examine the reciprocal effects of perceived control and social activity in a large representative sample of middle-aged and older adults assessed on up to four measurement occasions. Using cross-lagged autoregressive modeling with age as the time metric, we simultaneously examined (i) whether social activity was influenced by perceived control 3 years earlier and (ii) whether perceived control was influenced by social activity 3 years earlier. Inclusion of autoregressive effects controls for previous levels of the outcome variable and allows examination of temporal sequencing of variable associations, which is one necessary prerequisite for establishing potential causation (Selig & Little, 2012) . Furthermore, by using age as the time metric of our analyses, we were able to model the dynamic interactions between perceived control and social activity across a time span of more than 40 years. Combining longitudinal information from people measured at different ages in order to estimate a single developmental age trajectory has been termed an accelerated longitudinal design (Willett, Singer, & Martin, 1998) and has been shown to be able to closely approximate true longitudinal change (Duncan, Duncan, & Hops, 1996) .
Although this study was primarily interested in the associations between perceived control and social activity in older adults, we included midlife adults in order to examine whether the strength of the associations increased with age. Associations between perceptions of control and aging-related outcomes may be stronger in old age as perceived control promotes adaptation to losses such as functional decline that increase with age . Perceived control may become increasingly important as a protective psychological resource that enables older adults to overcome barriers to social activity such as poor health, sensory loss, and driving cessation, while providing less of a compensatory role for middle-aged adults experiencing fewer of these ageing-related changes.
We also examined whether relationships between perceived control and social activity remained after controlling for dynamic associations with health, which could potentially account for observed relationships. Lachman's (2006) conceptual model of control beliefs suggests that health is both an antecedent and outcome of perceived control. Having greater perceived control can promote adaptive health behaviors . Reciprocally, those experiencing better health may perceive fewer constraints and feel more able to effect control in their lives (Infurna et al., 2011) . Indeed, a bidirectional association between control beliefs and health has been shown across adulthood (Gerstorf, Röcke, & Lachman, 2011) . In addition, higher social activity has been shown to predict less functional decline (e.g., Huxhold et al., 2013) and better health has been shown to predict less decline in social activity (Bukov et al., 2002) . We therefore controlled for (i) the effects of health on social activity and perceived control 3 years later and (ii) the effects of social activity and perceived control on health 3 years later. We used self-rated health because it reflects a summary of information including objective biological states (e.g., disease presence and severity) and subjective health experiences and is a unique predictor of outcomes including mortality (Jylhä, 2009 ).
Method

Participants and Design
The data for this study were drawn from the scientific release of the German Ageing Survey (DEAS), provided by the Research Data Centre of the German Centre of Gerontology (DZA). Sampling and design of DEAS have been described in detail elsewhere (see Engstler & Schmiade, 2013) . In brief, DEAS is a representative, population-based study of community-dwelling adults aged older than 40 years. DEAS has a cohort-sequential longitudinal design with four available waves to date. In 1996 This study included participants who provided any valid data on perceived control, social activity, or self-rated health (n = 14,126). Inclusion of all available data reduces estimation bias that can occur using data only from participants who completed all assessments (Allison, 2003) . To assess longitudinal selectivity, we examined the extent to which individuals who participated in at least one follow-up assessment (n = 6,089) differed from the full 14,126-participant sample at their first assessment. Effect size was calculated as the difference in standard deviation units, using standard deviations of the full sample pooled across each cohort's first assessment as reference values (see Lindenberger, Singer, & Baltes, 2002) . Only a low level of positive selectivity was evident. Participants who completed at least one follow-up interview were a little younger and reported slightly higher levels of perceived control, social activity, and self-rated health at their first assessment, as compared with the full sample, but selectivity effects ranged only from 0.05 to 0.25 SDs. We used full information maximum likelihood to counter potential biases of our parameter estimates due to selective attrition (Graham, 2009 ).
Measures
Social activity
Social activity was measured with eight items previously used to measure social activity engagement (Huxhold et al., 2013 (Huxhold et al., , 2014 . Participants were asked how often they engaged in the following activities, thinking back over the past 12 months: (1) visiting friends or inviting them over, (2) visiting cultural events (e.g., concerts, museums), (3) attending sport events, (4) attending classes or lectures, (5) going for walks, (6) doing sports, (7) artistic work (e.g., painting, music), and (8) board games, cards, or puzzles. Response options were 0 (never), 1 (less than once a month), 2 (1-3 times a month), 3 (once a week), 4 (several times a week), and 5 (daily). Except for Item 1 (i.e., meeting with friends), participants also reported whether they usually did the activity alone or with their partner, relatives, friends, a club, or others. If participants reported usually doing the activity alone, they received a score of 0 for that activity. We conducted a confirmatory factor analysis to ensure that the items loaded on a single social activity factor and that measurement properties were similar across the four occasions. A strong factorial invariance model (see Muthén & Muthén, 1998 -2012 for details) fits the data well (χ 2 (500) = 2006.22, p < .001; Comparative Fit Index [CFI] = .96; root mean square error of approximation [RMSEA] = .02). Standardized regression weights ranged from .29 to .62. A social activity variety score (range 0 to 8) was computed as the total number of activities reported. A social activity frequency score (range 0 to 40) was computed by summing the frequency scores for each activity. Both scores have previously been shown to decline with age, be positively associated with network size, contact frequency, and potential social support, and positively predict outcomes including positive affect, life satisfaction, and health (Huxhold et al., 2013) .
Perceived control
Perceived control was measured with the Dispositional Hope Scale (Snyder et al., 1991) . Hope is defined as the generalized perception that goals can be met (Snyder et al., 1991) and has been operationalized and validated as a measure of perceived control in previous studies (e.g., Schöllgen, Huxhold, Schüz, & Tesch-Römer, 2011; Wurm, Tesch-Römer, & Tomasik, 2007) . The Hope Scale has two 4-item subscales: agency, which represents the belief that the individual can achieve their goals, and pathways, which represents the belief that the individual has the required means or strategies to achieve their goals (Snyder et al., 1991) . These subscales are suggested to be conceptually akin to efficacy expectation and outcome expectation, respectively, within the concept of self-efficacy (Snyder et al., 1991) . Participants rated the extent to which they agreed with statements such as "I meet the goals that I set for myself (agency)" and "I can think of many ways to get out of a jam" (pathways) on a scale ranging from 1 (strongly agree) to 4 (strongly disagree). Items were reversed, and subscale scores were calculated as the mean of four items. Internal consistency of each subscale was acceptable (e.g., in 1996 agency α = .77; pathways α = .79). The Hope scale showed convergent validity; total scores correlated highly with scores on the widely used General Self-Efficacy Scale (Schwarzer & Jerusalem, 1995) , which was included in the DEAS in 2008 (r = .80) and 2011 (r = .77). Test-retest reliability of the Hope Scale has previously been found to be high (e.g., 3-week r = .85; see Snyder et al., 1991 for discussion).
Self-rated health
Consistent with standard approaches (e.g., Jylhä, 2009 ), participants rated their present state of health on a scale from 1 (very bad) to 5 (very good).
Data Preparation and Preliminary Analysis
In order to enable comparison between the measures, scores for the social activity and perceived control subscales and self-rated health were converted to standardized t scores (M = 50, SD = 10), using the 1996 cohort as the reference group. To enable examination of change across age from middle to older adulthood, we structured the data using participants' age at the time of measurement. To simplify the analyses and facilitate convergence of statistical models, age was defined using 3-year age groups. Data for older adults aged 88-95 years were too sparse for reliable estimation and were excluded. Age groups therefore ranged from 41 (40-42 years) to 86 (85-87 years). Table 1 shows the total number of observations and descriptive statistics for each age group.
In order to reduce measurement error, social activity and perceived control were represented by latent factors, each comprising two subscales as outlined earlier. We established measurement invariance over age groups by contrasting CFIs and root mean squared errors of estimation (RMSEAs) of nested models, because χ 2 difference tests are too sensitive to large sample sizes (Chen, 2007) . It is suggested that an absolute change in CFI smaller than .005 combined with an absolute change in RMSEA smaller than .010 is indicative of invariant factor loadings (Chen, 2007) .
Comparison of an autoregressive model with free factor loadings to a model with factor loadings equal across age segments indicated acceptable measurement invariance for social activity (|ΔCFI| ≤ .001; |ΔRMSEA| ≤ .001). An equivalent comparison for perceived control indicated that the loadings for perceived control were also invariant across age (|ΔCFI| ≤ .001; |ΔRMSEA| ≤ .001). Consequently, 
invariance constraints for factor loadings were retained for the cross-lagged autoregressive models.
Analysis
A series of cross-lagged autoregressive models examined the relationship between perceived control and social activity (see e.g., Newsom, 2015; Selig & Little, 2012) . Figure 1 shows the statistical model that forms the basis of the analysis. Observed variables are enclosed in boxes and latent variables in ellipses. Dotted paths indicate that autoregressive and cross-lagged effects are assumed to be equal across all ages, with model constraints included accordingly (except where examining age differences, as described in the following paragraph). Stability coefficients (β 1 and β 2 ) indicate the degree to which social activity and perceived control are predicted by their own values 3 years earlier (autoregression) and describe the relative stability of individual differences from one measurement occasion to the next. The autoregressive effect also accounts for stable individual differences that are likely to be influenced by time-invariant variables such as gender (Additional analyses [not shown], confirmed that inclusion of gender and education in the model did not change the pattern of results; therefore, these time-constant covariates were not included in the models.). Coefficients for the cross-lagged effects (β 3 and β 4 ) indicate the regression of social activity on perceived control at the previous time point and vice versa. As prior levels of the outcome are controlled for, cross-lagged effects are not due to associations at concurrent time points and represent the prediction of change in the respective outcome variable (Newsom, 2015; Selig & Little, 2012) . A first-order autoregressive error covariance structure was specified to account for the interdependence of adjacent observed variables and reduce overestimation of stability that can occur due to repeated measurements (Newsom, 2015) . A series of model contrasts using χ 2 difference tests examined the cross-lagged effects. All models specified paths for cross-lagged effects in both directions, as per Figure 1 , with constraints as described below. To examine the significance of each effect, we compared a model with the effect constrained to be zero to a model with the effect estimated. To compare the relative strength of the crosslagged effects, we compared a model with both effects estimated but constrained to be equal to a model with the effects estimated and allowed to differ in magnitude. Next, we examined whether the association between perceived control and social activity varied across age. For each cross-lagged effect, we compared a model that allowed the effect to show linear change across age with a model that constrained the effect to be equal across age (for each model, the reciprocal effect was constrained to be equal across age). In a final model, we controlled for self-rated health by including it as third time-varying autoregressive variable. We specified stability coefficients to account for the degree to which self-rated health is predicted by its own value 3 years earlier and specified cross-lagged effects to and from perceived control and social activity (Figure 2 ). All analyses were performed using Mplus 7.11.
Results
The hypothesized model (with no constraints on autoregressive or cross-lagged paths, except equality over age; see Figure 1 a reciprocal association between perceived control and social activity. Higher perceived control predicted more social activity (b = 0.08, p < .001). Exclusion of this effect resulted in significantly poorer model fit (Δχ 2 (1) = 76.33, p < .001). In addition, higher social activity predicted greater perceived control (b = 0.03, p < .001). Exclusion of this effect also resulted in poorer fit (Δχ 2 (1) = 30.08, p < .001). The model with the effects constrained to be equal was a poorer fit than the model with the effects allowed to differ in magnitude (Δχ 2 (1) = 11.39, p < .001). The effect of perceived control on social activity appeared to be stronger than the effect of social activity on perceived control.
Associations between perceived control and social activity did not vary with age. Allowing the effect of perceived control on social activity to change linearly with age did not improve model fit compared with the model with the effects constrained to be equal across age (Δχ 2 (1) = 0.024 p = .88). Similarly, allowing the effect of social activity on perceived control to change linearly with age did not improve model fit compared with the model with the effects constrained to be equal across age (Δχ 2 (1) = 2.16, p = .14). Constraints specifying equality over age were therefore retained in the final model. Figure 2 shows the final model controlling for self-rated health. The measurement model (factor loadings and residual errors) is excluded for simplicity. The model showed acceptable fit (χ 2 (1788) = 4872.98, p < .001; CFI = 0.94; RMSEA = 0.01). Self-rated health showed moderate stability over age (b = 0.56, p < .001). Although reduced in magnitude, the cross-lagged effects between perceived control and social activity were still significant. Higher perceived control predicted more social activity 3 years later (b = 0.05, p < .001). Exclusion of this effect resulted in significantly poorer model fit (Δχ 2 (1) = 138.14, p < .001). Higher social activity predicted greater perceived control 3 years later (b = 0.02, p < .01). Exclusion of this effect also resulted in poorer fit (Δχ 2 (1) = 135.60, p < .001). In addition, better self-rated health was associated with greater perceived control (b = 0.05, p < .001) and social activity (b = 0.08, p < .001) 3 years later, whereas greater perceived control (b = 0.17, p < .001) and social activity (b = 0.10, p < .001) were associated with better self-rated health 3 years later.
Discussion
This study aimed to assess whether perceived control influences social activity, independent of the effects of social activity on perceived control. We examined reciprocal 3-year lagged relationships between perceived control and social activity in midlife and older adults. Both directions of effects (i.e., perceived control influencing social activity and vice versa) were significant, but the effect of perceived control on social activity was stronger than the effect of social activity on perceived control. The effects remained significant after controlling for time-varying self-rated health.
An early discussion and review of the literature suggests that perceived control is associated with a range of positive outcomes in physical and psychological domains (Rodin, 1986) . Recent research has also shown that perceived control is positively associated with psychological wellbeing (Gerstorf et al., 2014; Luszcz, 1996) , cognitive ability (Windsor & Anstey, 2008) , physical health (Schöllgen et al., 2011) , and longevity (Infurna et al., 2011) . Although we cannot make direct causal inferences from the data, the finding that perceived control predicted social activity 3 years later adds to this literature, supporting the notion that perceived control may play a role in promoting social activity engagement in older adults. We found no age differences in the relationship between perceived control and social activity, suggesting that the effects predicted to be stronger in older adults were of equal magnitude earlier in the life span. Midlife adults may also experience barriers to social activity participation, such as family or employment obligations, that may be overcome with persistence and strategy use. In addition, the effects of perceived control on perceptions of activity difficulty may be similar across age. If perceived control affects social activity across adulthood, the cumulative effects over time could be sizeable, with limited activity becoming particularly evident by old age for those with lower control beliefs.
This study could have significant clinical implications. Targeted intervention has the potential to increase perceived control (see e.g., Lachman et al., 2011; Rodin, 1986 for discussion). If perceived control influences social activity, interventions aimed at increasing perceived control may promote social activity and enable individuals to maintain social engagement as they age. Intervention focusing on four main sources of control beliefs, performance accomplishments, vicarious experience, verbal persuasion, and emotional arousal, might be particularly effective (Bandura, 1977) . For example, perceived control might be improved through education, encouragement, or providing opportunity for mastery experiences by facilitating the accomplishment of smaller goals. Considerable research examines interventions aimed at increasing exercise through enhancing self-efficacy (see e.g., Lee, Arthur, & Avis, 2008; Williams & French, 2011 for discussion and review). Similar interventions may be effective in the domain of social activity. A recent intervention that included activities targeting perceived control, such as focusing on past success (performance accomplishments) and watching a film with an older person as a role model (vicarious experience), increased time spent volunteering in older adults (Warner, Wolff, Ziegelmann, & Wurm, 2014) . Though perceived control was not measured, this study suggests that perceived control could be a mediator of behavior change.
Moreover, promoting social activity through enhancing perceived control may lead to additional benefits for aging individuals. Although we did not make specific predictions regarding self-rated health, our results show that higher perceived control and social activity were independently associated with more positive change in self-rated health, which in turn was associated with further positive development in perceived control and social activity. Furthermore, prior high levels of social activity were also related to positive development in perceived control. Considering this interacting dynamic, an intervention targeted at improving perceived control may initiate a positive feedback loop resulting in a cascading beneficial effect across a broad range of outcomes associated with the concept of successful aging, such as physical and cognitive health, as well as social engagement. This is in line with a recent study that found that, among adults aged 24-75 years at baseline, greater initial control predicted weaker 9-year declines in health and stronger increases in social support, whereas better initial health and more support predicted stronger 9-year increases in control . Changes in perceived control were associated with concurrent changes in health and social support. This research and ours support Lachman's (2006) conceptual model of control beliefs that posits independent multidirectional relationships with a range of outcomes.
Limitations and Future Directions
To our knowledge, this is the first study to examine the reciprocal relationship between perceived control and social activity. A major strength of the study is that the data were from a large, population-based sample; however, we note some limitations and important directions for future research. Firstly, there were few observations of adults aged older than 85 years and no observations for those older than years were included. Therefore, findings may not generalize to the oldest-old. In particular, perceived control may be less predictive of social activity if considerable physical limitations exist and therefore fewer activities are under the individual's objective control.
In addition, the method of analysis has some limitations. We combined data from the three cohorts and constructed an age scale for use as the time metric in our analyses. This cohort-sequential design enabled us to examine the relationship between perceived control and social activity over a wide age range using multiple shorter data collections. Although this approach has been shown to closely approximate true longitudinal change across large time spans (Duncan et al., 1996) , combining cross-sectional and longitudinal data can result in some bias due to cohort effects (Farrington, 1991) . Furthermore, autoregressive effects describe stability in individual differences (i.e. individuals' relative standing) but do not capture within-person stability. For example, a large autoregressive coefficient could mean that individuals did not exhibit change, or that everyone changed at the same rate, or that rate of change was systematically related to initial levels of the variable (Selig & Little, 2012) . Similarly, cross-lagged effects indicate whether those with a higher value in one variable show more positive residual change in the other variable at the following assessment, but do not describe the pattern of change. Using dual-change score models (DCSMs) may have remedied these issues (Ferrer & McArdle, 2003) . Unfortunately, applying DCSMs to the data set at hand resulted in insolvable convergence problems. Nonetheless, our analysis provides valuable insights into reciprocal effects and temporal ordering that would not have been possible using methods such as growth curve modeling.
Finally, we suggested that perceived control might promote social activity because individuals with higher perceived control view difficult activities more positively and direct more effort and compensation strategies to overcome barriers to activity. We did not, however, explicitly examine these mechanisms. In addition, when we controlled for selfrated health in the final analysis, interrelations of health with perceived control and social activity reduced the magnitude of the association between perceived control and social activity. Causal mechanisms underlying these associations are yet to be established. Perceived control may be associated with positive health behaviors (Rodin, 1986) , which may improve health and increase the individual's ability to partake in social activity. Furthermore, different aspects of social integration may act as mediators in the well-established relationship between perceived control and health in older ages (c.f., Gerstorf et al., 2011) . Future research should more closely examine the mechanisms governing the dynamic reciprocal associations between perceived control, social integration, and health, focusing on mediation effects.
Conclusions
In sum, results from this study indicate a reciprocal relationship between perceived control and social activity in middle-aged and older adults. The finding that perceived control predicts social activity could have implications for the development of interventions aimed at enabling older adults to maintain their social activity as they age. Dynamic reciprocal associations with self-rated health suggest the potential for improvements in perceived control to have broader positive effects, as well as a possible underlying mechanism for the association between perceived control and social activity. Future research should aim to examine the processes by which perceived control may influence social activity, including a possible mediating role of health.
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